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(g) Polymer electrolytes having a dendrimer structure. 

(Sj) Polymers, oligomers or copolymers, having a 
dendrimer structure and containing elec- 
tronegative heteroatoms, such as etheric 
oxygens, capable of complexing with cationic 
species. for use in ionically-conductive 
polymeric electrolytes. Relatively high ambient 
conductivity is a feature of such electrolytes. 
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Field of the Invention 

The invention relates to the use of macromolec- 
ular species having a dendrimer structure in polymer 
electrolytes to improve the properties of the latter, in- 
eluding the ambient temperature ionic conductivity. 
This makes them particularly suitable for applications 
in polymer electrolyte cells and other electrochemical 
devices. It also relates to a number of novel macromo- 
lecular materials having dendrimer structures. 

Background of the Invention 



mine, polyepichlorohydrin, polyethylene succinate), 
and an acryloyf-derivatized poly(alkylene oxide) con- 
taining an acryloyl group of the formula CH r 
=CR'C(0)0- where R* is hydrogen or lower alkyl hav- 
5 ing from 1 to 6 carbon atoms. 

Polymers proposed for use in polymer electro- 
lytes, and more specifically as the basis for solid poly- 
mer electrolytes, are described in many publications. 
A number of such electrolytes are described in papers 
10 presented at the Third Int. Symposium on Polymer 
Electrolyte, reported in Electrochim. Acta 37(9). 1992 
ed. M. Armand and A. Gandini. Polymers used have 
ranged from polyethers such as PEO or PPO to comb 
polymers, for example having backbones comprising 
highly flexible polyphosphates to which short- 
chain polyether groups have been attached. 

The Electrochemical Society, Inc. publication, 
Volume 93-1, May 16 to 21, 1993 recites on page 
2439 an abstract titled "Synthesis And Properties of 
New Polymer Electrolytes". The abstract refers to the 
preparation of functional polymer electrolytes includ- 
ing polymers having multiple functionality ion com- 
plexing sites, redox-active sites and immobilized 
anions, perhaps strategically placed as pendants or 
at chain ends. 

U.S. Patent No. 5,294,501 discloses a siloxane 
acrylate monomer and solid electrolyte derived by the 
polymerization thereof. Specifically, the disclosure is 
directed to siloxane acrylate and to a single phase 
solvent-containing solid electrolyte having repeat 
units derived from siloxane acrylate incorporated into 
the solid polymeric matrix of the solid electrolyte. An 
electrolyte cell that incorporates the electrolyte is also 
disclosed. 

U.S. Patent No. 5,061.581 disclosed an amor- 
phous ionically conductive macromolecular solid hav- 
ing improved ambient temperature ionic conductivity. 
The solid comprises a solid solution of at least one 
positively charged ionic species dissolved in a mac- 
romolecular material, the macromolecular material 
comprising a polymer or copolymer having mostly a 
polyether structure. Some of the repeat units have 
the oxygens replaced with S or NR wherein R in- 
cludes at least one basic site capable of associating 
with positively charged ionic species and has two to 
ten carbon atoms in the backbone. 

To date, there are still problems limiting the use 
of polymer electrolytes in high energy density batter- 
ies (e.g. lithium - solid polymer electrolyte cells), most 
particularly in obtaining sufficient ambient tempera- 
ture conductivity to permit attractive power densities 
(>100W/f ). For example, some of the most promising 
electrolytes are those based on poly(ethylene oxide)- 
salt complexes. PEO has shown good stability, a wide 
electrochemical stability window, and exhibits good 
solvating power for alkali-metal salts. The ambient 
temperature conductivities, however, are limited by 
the tendency of PEO-salt complexes to form crystal- 



Since the report on the ionic conductivity of a 
poly(ethylene oxide) - alkali metal salt complex, there is 
has been considerable interest in ion conducting poly- 
mers. Particular attention has focused on the possi- 
bility of using such polymers as components of solid 
electrolytes in high energy density batteries, such as 
lithium batteries as reported by M.B. Armond et al., 20 
"Fast Ion Transport in Solids", North Hollow, NY 
(1979). In comparison with the electrolytes based on 
polar aprotic organic liquids that are conventionally 
used in such batteries, as disclosed, for example, by 
G. Blomgren in "Lithium Batteries". Chapter 2, Acad- 25 
emic Press (London) 1983, it has been proposed that 
polymer-based electrolytes might offer some or all of 
the following advantages: 

- Increased safety 

- Lower vapor pressure and enhanced thermal 30 
stability 

- Reduced corrosion and lower reactivity with 
active electrodes such as lithium. 

- Superior mechanical properties, such as di- 
mensional stability and/or compliance, that 35 
yield handling and mechanical advantages in 
processing and manufacture, and increased 
durability in use. 

- The reduction or elimination of electrolyte leak- 
age 40 

In seeking to find polymer-based electrolytes that 
embody some or all of the potential advantages listed 
above, and with ambient temperature conductivities 
approaching those of the conventional liquid electro- 
lytes, investigators have surveyed a large number of 45 
suitable organic monomers, preferably containing at 
least one polar group or atom capable of complexing 
with the cation(s) of the electrolyte salt(s) (e.g. alkali 
metal ions). When polymerized, these compounds 
form polymers suitable for use in electrolyte compo- 50 
sitions. Suitable organic polymeric matrices that are 
generally known in the art are organic homopolymers 
obtained by the polymerization of a suitable organic 
monomer as described, for example, in U.S. Patent 
No. 4.908,283 or copolymers obtained by polymeriza- 55 
tion of a mixture of organic monomers. Suitable or- 
ganic monomers or polymers include, by way of ex- 
ample, ethylene oxide, propylene oxide, ethylenei- 
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line phases. Since these phases have substantially 
lower conductivity than the amorphous material, the 
overall conductivity is reduced. 

One of the approaches commonly used to im- 
prove the conductivity of PEO and other polymer 
complexes is to incorporate plasticizers (solvents) in 
the polymer electrolyte. These materials may reduce 
or eliminate the crystallinity in the polymer matrix 
and/or enhance the solubility of the salt Suitable sol- 
vents are typically polar aprotic organic liquids, and 
among those well-known in the art are propylene car- 
bonate, ethylene carbonate, y-butyrolactone, tetrahy- 
drofuran, dimethoxyethane (glyme), diglyme, tri- 
glyme, tetraglyme, dimethylsulfoxide. dioxolane, sul- 
folane and the like. Other plasticizers that have been 
reported are oligomeric or low molecular weight poly- 
meric materials such as poly(ethylene glycol). 

In order to obtain significant improvement in con- 
ductivity (sufficient to approach that of liquid electro- 
lytes), significant fractions (on the order of 20 weight 
percent or more) of such plasticizers are typically in- 
corporated into the polymer electrolyte. At these con- 
centrations, there is usually a degradation of the de- 
sirable mechanical properties and dimensional stabil- 
ity of the polymer matrix. Also the reactivity of the 
plasticizer will have a strong influence on the overall 
chemistry of the electrode, thereby negating some of 
the desired advantages postulated for all-polymer 
electrolytes. 

The present invention provides novel macromo- 
lecular materials having dendrimer structures which 
can be advantageously employed as a component of 
an electrolyte composition for application in electro- 
chemical devices. By way of example, electrolytes 
formulated using the dendrimer structured materials 
of the invention, may have improved chemical and 
thermal stability and reduced volatility-in comparison 
with conventional polar aprotic organic-liquid-based 
electrolytes. 

An aim of the invention is thus to provide a means 
of obtaining polymer electrolytes that are completely 
or predominantly amorphous at room temperature 
without requiring that a substantial fraction of the total 
composition comprise relatively low molecular weight 
organic solvents or piasticizing anions. By way of ex- 
ample, electrolytes formulated using the dendrimer- 
structured macromolecular materials of the invention 
may have higher room temperature ionic conductivity 
than conventional solvent-free polymer electrolytes, 
at least partially because of reduced crystallinity. 

Another aim of the present invention is to provide 
a novel polymeric macromolecular material having 
good conductivity properties so that it can be easily 
assembled as a component of a solid electrolyte cell. 

The foregoing and additional aims will become 
more fully apparent from the following description. 



Summary of the Invention 

The invention relates to polar macromolecular 
materials with dendrimer structures which can be 

5 used in the formation of electrolytes for use in elec- 
trochemical devices, including energy storage devic- 
es (such as batteries and capacitors), ion sensors 
and display devices. In its simplestform. said electro- 
lyte contains dissolved ionic species held in a disso- 

10 ciated form in the polymeric matrix of the macromo- 
lecular material, such that at least one of the ionic 
species is mobile and capable of carrying charge, but 
the system may be much more complicated and com- 
prise a variety of ionic soecies, polymeric and nonpo- 

15 lymeric materials, additives and modifiers, and in 
which the material of the invention can be only a mi- 
nority component, or an additive. In its preferred form 
the electrolyte is wholly or mostly comprised of the 
dendrimer material containing ionic species (salt). 

20 The material of the invention, besides having a den- 
drimer structure, should also comprise polar species 
capable of solvating at least one of the ionic species 
of the electrolyte and preferably solvating ionic spe- 
cies per polymer repeat unit. In its preferred form for 

25 application in high energy batteries, it will contain 
electronegative heteroatoms capable of complexing 
with alkali-metai ions and in its most preferred form 
with lithium ions. Such electronegative heteroatom 
units will preferably be oxygen, nitrogen, sulfur, phos- 

30 phorus or siloxanes or mixtures or alloys thereof. 

Some terms used in this application are as fol- 
lows: 

Repeat Unit - the repeat unit is usually equivalent 
or nearly equivalent to the monomer or starting ma- 

35 terial from which the polymer is formed. Usually the 
smallest unit that can be defined which identifies the 
chemical content of a polymer in a way similar to that 
in which the unit cell of an inorganic crystal defines 
its macromolecular structure. 

40 Degree of Polymerization (DP) - The length of the 

polymer chain is specified by the number of repeat 
units - DP. Analogous to beads on a string necklace 
- the length of the necklace can be defined by the 
number of beads on the string. In this application, the 

45 DP is a calculated average based on the assumed 
stoichiometry of the synthesis reactions. 

Polymer - A polymer is a large molecule built up 
by the combination of small, relatively simple chemi- 
cal units. In some cases the combination is linear. 

50 much as a chain is built up from its links. In other cas- 
es, the chains are branched, or interconnected to 
form three-dimensional networks. 

Oligomer - A polymer with a low DP, usually be- 
tween 2 and 100. Oligomers are below the molecular 

55 weight cutoff where higher molecular weight poly- 
mers begin to have superior properties. 

Branched polymer - Conventionally, a polymer 
with a linear backbone with chains attached periodi- 
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cally. More generally, a polymer containing one or 
more branch points. Oligomers may also be branch- 
ed. 

Branch point - The portion of a branched polymer 
comprising an atom to which three or more polymer 5 
chains are attached. 

Dendrimer - A general type of branched polymer, 
comprising a number of polymeric arms radiating 
from a central core. 

Star dendrimer - Dendrimer where each chain ra- to 
diating from the core on a polymer molecule is linear 
(i.e. is not branched further). 

Starburst dendrimer - Dendrimer where the arms 
are further branched, i.e. where each linear section of 
polymer has branch points at both ends except for the 75 
chain terminators. These dendrimers can be synthe- 
sized "generationally". 

Arm segment - A linear region of polymer chain 
comprising an arm of a branched polymer. It lies be- 
tween two branch points, or between a branch point 20 
and a termination of the chain or arm. 

Cross-linked polymers - Polymeric materials 
comprising monomers, oligomers and/or polymers in- 
terconnected into a three-dimensional network. 

GPC - Gel Permeation Chromatography, an ana- 25 
lytical technique to determine molecular weights and 
molecular weight distribution of polymers. 

Morphology - Form and microstructure of sub- 
stances. 

Gel - Polymer swollen with solvent to produce a 30 
semi-solid gelatinous material. 

Free volume - Microscopic "unoccupied" or emp- 
ty holes in amorphous polymers which strongly influ- 
ence bulk properties such as viscosity. 

Steric Strain - The approach of two or more atoms 35 
not bonded to each other to a position where repul- 
sions occur due to electron cloud electrostatic inter- 
actions. 

Macromolecule - Molecule with very large molec- 
ular weights (>1 0,000) whose structure may be repet- 40 
itive as with a polymer or can be non-repetitive as with 
a protein. 

Ionic conductivity - Transfer of charge by trans- 
port of cations or anions (not electrons). 

Electrolyte - Used in this patent as a material 45 
which allows ionic conductivity. 

Polymer/salt complex - Structure where a salt is 
bound by several sections of a polymer via induced di- 
pole forces. 

Mechanical properties - Physical properties so 
which predict performance in engineering applica- 
tions, such as hardness, and elasticity. 

Hetero atom - Atom other than carbon which can 
be included in a polymer backbone. 

Polymer degradation - chemical reaction of a 55 
polymer that results in a lowering in mechanical prop- 
erties. 

The essence of the invention, and the distin- 



guishing feature from earlier disclosed polymer elec- 
trolytes, lies in the morphologically unique dendrimer 
structure. The dendrimers of the invention are de- 
fined as molecular constructions having a branched 
structure in which at least three polymeric arms are 
attached to a core, and extend radially away from it. 
The arms may be linear, simple or star dendrimers as 
shown in Figure 1, or may themselves be further 
branched, for example, starburst dendrimer as shown 
in Figure 2 or even comprise closed branched struc- 
tures such as loops. The arms are composed of seg- 
ments, which are defined as any linear section be- 
tween branch points (or extending out from a single 
branch point in the case of a linear or unbranched 
arm). Generally the arms together comprise the major 
part of the mass of the polymer and dominate its prop- 
erties. 

Dendrimers may be distinguished from other 
types of branched polymers in that: 

(a) The arms are long with respect to the size of 
the core. The ratio of the mean molecular weight 
of individual arms to the molecular weight of the 
core should be greater than or equal to one. 

(b) The arms are relatively closely spaced on the 
core. The mean number of polymer repeat units 
in the case of polymeric cores (or backbone 
atoms where the core is not polymeric), per 
branch point on the core should be less than or 
equal to 25, preferably between 1 to 20 and most 
preferably between 1 and 4. 

(c) The material is relatively highly branched. The 
mean number of polymer repeat units in the arm 
segments (i.e., between branch points) should 
not exceed 500. preferably being less than 150. 
most preferably less than 50, preferably more 
than 4, more preferably more than 10 and most 
preferably more than 20. 

There is no implication of regularity of structure 
beyond the definitions above; the arms may differ in 
length, and/or in structure and/or in spacing on the 
core. Further, the arms may be a mixture of linear and 
branched structures. Structures with arms of various 
chemical composition and/or differing terminating 
groups fall within this definition. 

The core material may comprise any organic (ar- 
omatic or aliphatic) or inorganic material with three or 
more functional groups to which dendrimer arms can 
be attached, or from which they can be grown. Arms 
may be attached or grown by any of the means known 
in the chemical field, including nucleophilic, electro- 
philic, free-radical, and ring opening reactions. Exam- 
ples of materials containing functional groups that 
can be used as nucleophiles in nucleophilic reactions 
are N-H containing materials such as ammonia, 
amines and polyamines, hydroxyl containing materi- 
als such as polyols, polysaccharides, poly(serine). or 
polyglycerine; thiol containing materials such as poly- 
thiols. Examples which can be used as nucleofugal 
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groups in nucleophilic reactions are compounds con- 
taining three or more halogens, tosylates, or other 
commonly used leaving groups. 

The dendrimer arms may consist of linear organic 
(aromatic or aliphatic) or inorganic oligomers or poly- 
mers that contain polar entities such as electronega- 
tive heteroatoms which can solvate cations. Exam- 
ples of suitable heteroatoms include, but are not lim- 
ited to, sulfur, nitrogen, phosphorus, or oxygen. The 
number of atoms connecting the heteroatoms can 
vary from one to twenty. The connecting atoms can 
consist of any material which can form oligomers such 
as carbon, silicon, phosphorous, and the like. The 
arms can contain pendant groups, grafts, or blocks of 
oligomers which do not solvate ions and could consist 
of any material, organic (aromatic or aliphatic) or in- 
organic which can form oligomers or polymers. The 
arms may be linear, lightly branched, highly branch- 
ed, or cross-linked and preferably at least one of the 
arms should contain at least one further branch and 
contain at least two branch points. Alternatively, the 
arms can consist of linear sections of polymeric ma- 
terial or polymer chains consisting of any material, or- 
ganic (aromatic or aliphatic) or inorganic, that can 
form linear or branched oligomers or polymer to which 
pendant groups or grafts can be attached. In this case 
the pendant groups or grafts should contain heteroa- 
toms as previously described which can solvate ions. 
The pendant group or graft containing arms may be 
linear, lightly branched, highly branched, or cross- 
linked. 

Also included in this invention are compositions 
in which the dendrimer structures are components of 
a block copolymer, and these may also exhibit the de- 
sirable properties of this invention. Also included in 
this definition are species in which any of the dendri- 
mer polymers or oligomers as described above con- 
tain intra and/or inter molecular crosslinks. This may 
be for the purpose, for example, of modifying the 
mechanical properties or the chemical stability of the 
electrolyte. Crosslinking could also be used to further 
reduce the crystallinity of the electrolyte, to modify 
the solubility in or for solvents, and to permit the fab- 
rication of highly-solvent-swollen gel electrolytes. 
The dendrimers may be non-cross-linked, lightly 
cross-linked or inter-connected, highly cross-linked, 
or any other amount of cross-linking. The cross- 
linking agent may be any substance which can react 
with two or more of the dendrimer arms, arm ends, 
arm pendant groups or with the cores. 

Although not bound by theory, it is believed that 
the dendrimer morphology offers advantages over 
linear macromolecules with the same or similar re- 
peat units because of the constraints imposed at at 
least one end of the dendrimer arm segments. This 
constraint, together with the effect of steric crowding 
which can also be thus induced, inhibits the polymer 
chains from packing in their thermodynamically pre- 



ferred conformation for crystallization, and thereby 
lowers their melting point because of entropic factors. 
This effect is even more pronounced for the electro- 
lyte; perhaps because the formation and crystal! iza- 

5 tion of the solvated ionic species or polymer-salt com- 
plexes are even more sensitive to steric and entropic 
effects. By controlling the structure of the dendrimer. 
for example for suitable ratios of segment length to 
branch multiplicity, the free volume available to the 

10 chain ends can be made relatively large. At the chain 
ends, this may facilitate segmental motion and/or sol- 
ubility of the ions, thus increasing the conductivity of 
the electrolyte. 

It has been proposed that the tendency of poly- 

15 mer electrolytes based on PEO, PPO and the like to 
crystallize at ambient temperatures could be avoided 
or reduced by using comb structured polymers. Poly- 
ether chains that are too short to crystallize are at- 
tached to a flexible polymer backbone, e.g. polyphos- 

20 phazene, to form the so-called comb polymers. 

The dendrimers of the invention differ from comb 
structures in that the essence of the comb idea is that 
the side-chains, which are responsible for the ion sol- 
ution, are short See for example L. Marchese et al., 

25 Electrochim. Acta 37 , 1559 (1992) which disclosed 
that the room temperature conductivity reaches a 
maximum at approximately five EO units in the side 
chain of a comb polymer based electrolyte so that 
there is no advantage, and perhaps even a disadvan- 

30 tage, in having side arms much longer than this. It is 
taught that the backbone in contrast should be long 
to generate desirable mechanical properties. In the 
dendrimers of the invention the arms are long with re- 
spect to the core. In the limit, the core may be a single 

35 atom (e.g. C. N, Si). Thus, the idealized geometry of 
a comb would approximate a ribbon as shown in Fig- 
ure 3A, while that of a dendrimer would approximate 
a sphere as shown in Figure 3B. Both approaches in 
practice might produce compounds with structures 

40 having approximately cylindrical geometry, but the 
comb polymer would yield a cylinder that had an axis 
that was long compared to its diameter as shown in 
Figure 3C, while the dendrimer polymer would yield 
a cylinder with an axial length equal to or less than its 

as diameter as shown in Figure 3D. 

The dendrimers of the present invention differ 
from stars and dendrimers of the prior art in structure 
and synthesis. They are generally poly(ethylene 
imine) dendrimers derivatized by growing ethylene 

so oxide arms in a simple, one-pot synthesis. Both 
poly(ethylene imine) dendrimers and ethylene oxide 
are readily available, inexpensive reagents. The seg- 
ment length is generally much longer than dendri- 
mers previously synthesized and can be easily varied 

55 to almost any length. Also, the segment length is not 
constant but has a length distribution that can be ma- 
nipulated by changing reaction conditions. The chain 
ends generally consist of alkoxides. The core, arm, 
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and branch points are generally completely aliphatic. 

Experimental observations seem to indicate that 
the effect of tying one end of a chain at the core ex- 
tends outward for a relatively large number of repeat 
units, at least 100 in the case of linear poly(ethylene 5 
oxide) arms. Thus, very highly branched structures 
may not be required to obtain the benefits of this in- 
vention. This is desirable since it simplifies the num- 
ber of synthetic steps necessary to produce useful 
materials and thereby reduces their likely cost. 10 

It should further be noted that although the illus- 
trative diagrams shown in this section and in the ex- 
amples following depict idealized perfect molecules, 
the advantages of this invention do not require this 
degree of perfection. As long as the polymeric chains 15 
comprising the arms of the dendrimer are anchored at 
at least one end, preferably with some degree of steric 
crowding, then the advantages of the invention would 
be obtained. Thus, the examples given in the next 
section, which illustrate these advantages, have 20 
been obtained with polymers prepared according to 
the syntheses given and which undoubtedly contain 
defects; for example in practice there is probably less 
than the maximum degree of branching which is de- 
picted in the structural formulae given herein. It is not 25 
implied that the given syntheses produce such ideal- 
ized structures which are shown for illustrative pur- 
poses, nor that a high degree of perfection is neces- 
sary. 

One embodiment of the invention relates to an 30 
ionically conductive amorphous polymeric electrolyte 
for use in electrochemical cells comprising a solution 
of at least one positively charged ionic species (salt) 
dissolved in a polymeric macromolecular material, 
said polymeric macromolecular material comprising 35 
an oligomer, polymer or copolymer having a branched 
dendrimer structure comprising a polymeric or non- 
polymeric core with at least three linear polymeric 
arms attached to and extending from said core with 
the ratio of the mean molecular weight of the arms to 40 
the molecular weight of the core being at least one, 
preferable at least 2. and the number of polymer re- 
peat units per branch points on the core being less 
than 25, preferably between 1 and 20 and most pre- 
ferably between 1 and 4. At least one of the arms may 45 
be further branched to form a starburst dendrimer 
structure or a closed branched dendrimer structure 
and the mean number of polymer repeat units be- 
tween branch points is 500 or less. The polymeric 
macromolecular material could contain electronega- 50 
tive heteroatoms, such as etheric oxygens, which are 
capable of associating with the cationic species of the 
salt thereby making it an ideal component of a solid 
electrolyte for use in solid electrolyte cells. 

To produce an electrolyte for use in elect rochem- 55 
teal cells charged species are introduced, typically by 
dissolving a salt in the polymeric material of the inven- 
tion. The salt will comprise a positively charged ionic 



species (cation) such as the lithium ion. and an anion 
which may, for example be I-, CI0 4 ". SChT, BF 4 ". PF C ~ 
or CF3SO3. Other suitable salts are AsF fl ~, specifically 
imide, other halides, and others known in the art. Op- 
tionally, a solvent or plasticizer could be added to en- 
hance the solubility of the ionic salt in the polymeric 
electrolyte, and by this means and otherwise to en- 
hance the conductivity of the electrolyte, particularly 
at tow temperatures. Suitable solvents well known in 
the art for use in non-aqueous batteries include, by 
way of example, propylene carbonate, ethylene car- 
bonate, n-methyl-pyrolidone, methylformate, y-butyr- 
olactone, tetrahydrofuran, glyme (dimethoxyethane), 
diglyme, tetraglyme, polyethylene glycols, dimethyl 
sulfoxide, dioxolane, 2Me-THF. dimethyl carbonate, 
diethyl carbonate and the like with the molecular 
weight preferably being 4,000 or less. 

Suitable dendrimers for use in this invention can 
consist of core material containing 3 to 100 hydroxyls, 
without being limited to such as polyols or sacchar- 
ides, or 3 to 100 thiols, or amines or polyamines con- 
taining 3-100 N-H groups which can react to form 3 to 
100 arms consisting of linear poly(ethylene oxide) 
and/or poly(ethylene sulfide). Preferably, the arm 
length can vary from DP=4 to DP=120. Branch points 
can be introduced by converting chain end to diols or 
dithiols, for example, by many means well known in 
the art. for example by reaction with bromopropane- 
diol, or by reaction with epichlorohydrin and subse- 
quent hydrolysis. 

Cross-linking can be accomplished by many 
means well known in the art, as for example by reac- 
tion of the hydroxyl or alkoxide ends with di, tri, or mul- 
tifunctional cross-linking agents known to react with 
these groups. Examples would include dibromo. diio- 
do, or dichloro containing organic (aromatic or ali- 
phatic) compounds, diisocyanates, triisocyanates, 
diepoxides, acid halides, multifunctional epoxides, 
dianhydrides, trianhydrides, diacids, ortriacids. 

Brief Description of the Drawing 

Figure 1 is an example of a star dendrimer struc- 
ture of this invention. 

Figure 2 is an example of a starburst dendrimer 
structure of this invention. 

Figures 3A and 3C are examples of comb struc- 
tures. 

Figures 3B and 3D are examples of dendrimer 
structures. 

Figure 4 - Dendrimer structure of ethoxylated 
triethanolamine where R can be H, CH 3 . Li Na or the 
like and DP is from 1 to 120 (i.e.. 1 s n, m. p <120). 

Figure 5 - Dendrimer structure of ethoxylated 
pentamine where R is H, CH 3 , Li. Na and the like and 
DP is from 7 to 120. 

Figure 6 - Star Dendrimer structure of ethoxylat- 
ed polyallyl alcohol where R is H, CH 3 , Li and the like 
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and DP is from 1 to 120. 

Figure 7 - Starburst Dendrimer structure of 
ethoxylated polyallyl alcohol with DP=20. 

Figure 8 is a gel permeation chromatography plot 
for the dendrimer material of Example 9. 

Figure 9a is a plot of heat flow versus tempera- 
ture for the electrolyte of Example 1 4 showing a sharp 
endotherm (111 J/g)at 35°C. 

Figure 9b is a plot of heat flow versus tempera- 
ture for the electrolyte of Example 14 showing the 
sharp reduction of crystallinrty by the addition of li- 
thium perchlorate in a ratio of 10:1 lithium:PEO oxy- 
gen ratio. 

Figure 10 - Graph of conductivity versus temper- 
ature for a macromolecular material (Example 14) of 
this invention mixed with LiCIO* (in the ratio of 1 li- 
thium to 10 etheric oxygen atoms) - curve A, and with 
the further addition of 1:3 propylene carbonate: ethy- 
lene carbonate plasticizer in the amount of 3% (Curve 
B) and 10% (Curve C). 

EXAMPLES OF DENDRITIC SYNTHESIS 

1. Reaction Of Tetraethylenepentamine With 
Ethylene Oxide 

Tetraethylenepentamine (18.9g, 100 mmol) was 
placed into dimethyl acetamide (DMAC) (100 ml) in a 
100 mL graduated cylinder with magnetic stirring. A 
glass tube with a fitted glass purge end was inserted 
into the liquid and the other end attached to a tank of 
ethylene oxide. Ethylene oxide was bubbled into the 
liquid at a rate of one bubble per two seconds to pro- 
duce a monoethoxylated derivative. The apparatus 
was weighed periodically to monitor the progress of 
the reaction. After seven days of reaction, the reac- 
tion was approximately 100% complete. 

2. DP=7 Dendrimer Synthesis 

Sodium hydride (1.63 g., 70.9 mmol) was added 
to DMAC (100 ml) and the product reaction of Exam- 
ple 1 (49.0 g. 99.4 mmol). The mixture was sealed in 
a Parr pressure reactor and connected with a lecture 
bottle of ethylene oxide (212g. 4.82 mol). The reactor 
was cooled with dry ice, then ethylene oxide was add- 
ed until equilibrium. The reactor was allowed to warm 
to room temperature and the pressure increased up 
to 2 atm. Upon shaking the vessel, the pressure drop- 
ped immediately to nearly zero, indicating fast reac- 
tion. This addition step was repeated many times over 
a five day interval until the gas cylinder was empty re- 
sulting in a viscous solution. 

3. DP=13 Dendrimer Synthesi s 

Sodium hydride (0.27 g, 11.3 mmol) was added to 
DMAC (20 ml) and the product of the reaction in Ex- 



ample 2 (55. Og, 17.8 mmol). The mixture was sealed 
in a Parr pressure reactor and connected with a lec- 
ture bottle of ethylene oxide (35g, 0.79 mol). The re- 
actor was cooled with dry ice, then ethylene oxide 

5 was added until equilibrium. The reactor was allowed 
to warm to room temperature and the pressure in- 
creased up to 2 atm. Upon shaking the vessel, the 
pressure dropped immediately to nearly zero, indicat- 
ing fast reaction. This addition step was repeated 

w many times over a two day interval until all of the 
ethylene oxide had been added. The vessel was heat- 
ed at 60°C overnight resulting in a light tan material. 

4. DP=40 Dendrimer Synthesis 

15 

Sodium hydride (0.295g, 12.2 mmol) was added 
to tetrahydrof uran (40 mL) and the product of the re- 
action in Example 3 (71. 0g, 11 .62 mmol) . Liquid ethy- 
lene oxide at - 16°C(100g, 2.27 mmol) was added af- 

20 ter the reactor was cooled with dry ice. The mixture 
was sealed in a Parr pressure reactor. The reactor 
was allowed to warm to room temperature and the 
vessel periodically shaken until the pressure dropped 
to nearly zero. The reactor was heated at 50°C for 24 

25 hours and the solvent was removed resulting in a 
brown solid (mp i =42 0 C). 

5. DP=40 Dendrimer Synthesis 

30 Sodium hydride (1.4g. 58.0 mmol) was added to 

DMAC (100mL) and ethoxylated poly( ethylene imine) 
(MW=2000) (5.0 g, 57.47 mmol of hydroxyls). Liquid 
ethylene oxide at-16°C (1 OOg. 2.27 mmol) was added 
after the reactor was cooled with an ice bath. The mix- 

35 ture was sealed in a Parr pressure reactor and al- 
lowed to warm to room temperature resulting in pres- 
sures up to 2 atm and the vessel periodically shaken 
for twenty four hours. The reactor was heated at 50°C 
for several days until the pressure was below 1 atm. 

40 The resulting brown liquid was precipitated into ethyl 
ether (250mL) resulting in a white powder (93. 3g, 
87.9% crude yield, mp=41°C). 

6. DP=40 Dendrimer Synthesis 

45 

Sodium hydride (1.4g, 58.0 mmol) was added to 
DMAC (100mL) and ethoxylated poly(ethyiene imine) 
(MW=2000) (5.0g, 57.47 mmol of hydroxyls). Liquid 
ethylene oxide at-16°C (100g, 2.27 mmol) was added 

so after the reactor was cooled with an ice bath. The mix- 
ture was sealed in a Parr pressure reactor and al- 
lowed to warm to room temperature resulting in pres- 
sures up to 2 atm and the vessel periodically shaken 
for twenty four hours. The reactor was heated at 50°C 

55 for several days until the pressure was below 1 atm. 
The resulting brown liquid was precipitated into ethyl 
ether (250 mL) resulting in a white powder (95.3g, 
90.7% crude yield, mp=40°C. 
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7. DP=B0 Dendrimer Synthesis 

Sodium hydride (0.7g, 87.0 mmoJ) was added to 
DMAC (1 00 mL) and ethoxylated poiy(ethyfene imine) 
(MW=2000) (7.5g, 86.22 mmo! of hydroxyls). Liquid 
ethylene oxide at-16°C (100g, 2.27 mmol) was added 
after the reactor was cooled with an ice bath. The mix- 
ture was sealed in a Parr pressure reactor and al- 
lowed to warm to room temperature resulting in pres- 
sures up to 2 atm and the vessel periodically shaken 
for twenty four hours. The reactor was heated at 50°C 
for several days until the pressure was below 1 atm. 
The resulting brown liquid was precipitated into ethyl 
ether (300 mL) resulting in a white powder (89.1g, 
87.0% crude yield, mp=44°C). 

8. DP=80 Dendrimer Synthesis 

Sodium hydride (2.1g, 29.0 mmol) was added to 
DMAC (100 mL) and ethoxylated poly( ethylene imine) 
(MW=2000) (2.5g. 28.75 mmol of hydroxyls). Liquid 
ethylene oxide at-16°C (100g, 2.27 mmol) was added 
after the reactor was cooled with an ice bath. The mix- 
ture was sealed in a Parr pressure reactor and al- 
lowed to warm to room temperature resulting in pres- 
sures up to 2 atm and the vessel periodically shaken 
for twenty four hours. The reactor was heated at 50°C 
for several days until the pressure was below 1 atm. 
The resulting brown liquid was precipitated into ethyl 
ether (300 mL), redissolved in THF, then precipitated 
into ethyl ether (300 mL), resulting in a white powder 
(133.0g, 43.3% crude yield). 

9. DP=120 Dendrimer Synthesis 

Sodium hydride, Aldrich 95% (0.46g. 19.17 mol) 
was added to ethoxylated polyimine MW = 2000 Poly- 
sciences 99% (1.7g, 19.16 mol of hydroxyls) in dime- 
thyl acetamide Kodak 99% (1 50mL). After the hydrox- 
yls were converted into alkoxides, the reaction mix 
was cooled in an ice bath for one hour. Ethylene oxide 
(100 g. 2.27 mol) was cooled to-13°C, then added to 
the reaction mix. The mixture was sealed in a 300 mL 
Parr pressure reactor. The reactor was allowed to 
warm to room temperature with periodic agitation for 
24 hours, resulting in a rise in pressure to 5 psi. After 
24 hours, the reactor was heated to 50°C for two 
hours resulting in a pressure of 20 psi. After cooling 
to room temperature, the brown reaction mixture was 
poured into 250mL of diethyl ether resulting in a white 
crystalline precipitate. The precipitate was dried for 
twenty four hours under high vacuum giving a white 
powder (85.2g, 83.7% yield, mp=35°C). The molecu- 
lar weight was high (over 100,000). the poJydispersity 
(Mw/Mm) of approximately 2, and the dendrimer was 
relatively free of low or high molecular weight impur- 
ities as shown by GPC in Figure 8. 



10. Starburst Generation 2 Dendrimer 

Sodium hydride, Aldrich 95% (1.43g, 0.0565 
mmol) was added to a ten armed PEG compound 
5 MW=10,000 Shearwater Polymers 99% (56.5g, 
0.0565 mmol of hydroxyls) in THF (200 mL). After the 
hydroxyls were converted into alkoxides, 3-bromo. 
1 ,2-propanediol Aldrich 99% (8.76g, 0.565 mmol) was 
added. The reaction was monitored by measuring the 
w pH. After the reaction was complete, sodium hydride, 
Aldrich 95% (2.86g. 0.113 mmol) was added. After the 
sodium hydride reacted, the reaction mix was cooled 
in an ice bath for one hour. Ethylene oxide (100 g. 
2.27mol) was cooled to -13°C, then added to the re- 
ts action mix. The mixture was sealed in a 300 mL Parr 
pressure reactor. The reactor was allowed to warm to 
room temperature with periodic agitation for 24 hours, 
resulting in a rise in pressure to 5 psi. After 24 hours, 
the reactor was heated to 60°C (initial pressure = 20 
20 psi) for twenty four hours. After cooling to room tem- 
perature, half of the brown reaction mixture was pour- 
ed into 250mL of diethyl ether resulting in a white 
crystalline precipitate. The precipitate was dried for 
twenty four hours under high vacuum giving a white 
25 powder (62.3g, 79.6% yield). 

11. Starburst Generation 3 Dendrimer 

Sodium hydride, Aldrich 95% (1.43g. 0.565 mmol) 

30 was added to the product of the reaction of Example 
10 (84.75g, 0.565 mmol of hydroxyls) in THF (200 
mL). After the hydroxyls were converted into alkox- 
ides, 3-bromo, 1,2-propanediol Aldrich 99% (8.76g, 
0.0565 mmol) was added. The reaction was moni- 

35 tored by measuring the pH. After the reaction was 
complete, sodium hydride, Aldrich 95% (2.85g, 0.113 
mmol) was added. After the sodium hydride reacted, 
the reaction mix was cooled in an ice bath for one 
hour. Ethylene oxide (100g, 2.27 mol) was cooled to 

40 -13°C. then added to the reaction mix. The mixture 
was sealed in a 300 mL Parr pressure reactor. The re- 
actor was allowed to warm to room temperature with 
periodic agitation for 24 hours, resulting in a rise in 
pressure to 5 psi. After 24 hours, the reactor was heat- 

45 ed to 60°C (initial pressure = 20 psi) for twenty four 
hours. After cooling to room temperature, half of the 
brown reaction mixture was poured into 250 mL of 
diethyl ether resulting in a white crystalline precipi- 
tate. The precipitate was dried for twenty-four hours 

50 under high vacuum giving a white powder (88. 2g, 
95.6% yield). 

Examples of Cross-linked Dendrimer Synthesis 

55 1 2. Synthesis Of HMDI cross-linked dendrimer - 
DP=7 

Hexamethylene diisocyanate (0.291g, 1.7 mmol) 



15 



EP 0 682 059 A1 



16 



was added slowly to the product of Example 2 (5.0g, 
2.3 mmol) held at 3°C in THF (10mL), resulting in an 
exothermic reaction. After 3 hours of stirring, a gelat- 
inous material was evident The product was washed 
with water causing approximately half of the material 5 
to dissolve. The water soluble portion appeared to be 
highly cross-linked while the water soluble portion is 
likely to be only lightly cross-linked. When dried, the 
water swollen insoluble material became a rubbery 
yellow solid. to 

13. Synthesis Of HMDI cross-linked dendrimer 
DP=40 

Hexamethylene diisocyanate (0.204g, 1.22 15 
mmol) was added slowly to the product for Example 
4 (5.0g, 4.1 mmol), dissolved in tetrahydrofuran at - 
20°C. resulting in an exothermic reaction. After 1 hour 
of stirring at 80°C t a gelatinous light tan material was 
evident. The product was washed with water causing 20 
approximately half of the material to dissolve. The wa- 
ter insoluble portion appeared to be highly cross- 
linked while the water soluble potion is likely to be 
only lightly cross-linked. When dried, the water swol- 
len insoluble material became a rubbery yellow solid. 25 

14. Electrolyte 

The product of Example 9 (60.0g) was added to 
a mixer and heated to 60°C resulting in a brown liquid. 30 
Lithium perchlorate (14.3g, 10:1 Li: dendrimer PEO 
oxygen ratio) was added and the mixture agitated for 
three hours after which all of the salt had dissolved. 
The mixture was cooled to room temperature. Two 
samples were removed and 3% and 1 0% 3:1 ethylene 35 
carbonate/pro pyl en e carbonate was added respec- 
tively. The conductivities (Figure 10) were measured 
by a Stonehart Associates Potentiostat BC 1200, a 
Solartron 1250 Frequency Response Analyzer using 
blocking electrodes. Differential Scanning Calorime- 40 
try (DSC) thermograms showed that the dendrimer 
without salt had a sharp melting endotherm of 111 J/g 
at 35°C as shown in Figure 9a. With the salt the melt- 
ing endotherm was reduced (12 J/g) as shown in Fig- 
ure 9b. A high degree of crystallinity is shown by the 45 
sharp melting endotherm of 111 J/g as shown in Fig- 
ure 9a. The sharp reduction of crystallinity by the ad- 
dition of lithium perchlorate in ratio of 10:1 li- 
thium:PEO oxygen ratio is shown in Figure 9b. Con- 
ductivity as a function of temperature of the solvent 50 
less dendrimer after the addition of lithium perchlor- 
ate in a ratio of 10:1 lithium:PEO oxygen ratio (Curve 
A), as well as the same electrolyte with additions of 
3% (Curve B) and 10% (Curve C) of 3:1 mixtures of 
ethylene carbonate/ propylene carbonate is shown in 55 
Figure 10. These data show that the macromolecular 
materials of this invention can be used as electrolytes 
for electrochemical cells. 



Dendrimers that were synthesized with a DP=10 
to 40 had melting points of 1 7°C to 44°C with the gen- 
eral trend that higher DP gave higher melting points. 
Dendrimers that were synthesized with a DP=80 to 
120 had melting points of 35°C to 44°C. The melting 
points of each dendrimer showed variations of up to 
1 0°C. For example, the product of the reaction of Ex- 
ample 6 (approximate theoretical molecular weight = 
41,000) showed a melting endotherm of 40°C on the 
first DSC scan. This dendrimer had been precipitated 
from solution. After cooling the specimen crystallized 
from the melt and the second scan showed a melting 
endotherm of 49°C. This suggests that the crystal 
form in highly dependent on the crystallizing condi- 
tion. Nevertheless, all of the dendrimers showed a 
lower melting point than PEG polymers of similar mo- 
lecular weight For example, PEG-4000 (molecular 
weight = 4000) has a melting point of 62°C and higher 
molecular weight PEG'S and PEO's have melting 
points ranging from 62°C-71°C. The dendrimers had 
theoretical molecular weights of up to 130.000. Not 
only did the dendrimers have much lower melt points 
than PEG's of the same weight but the crystallinity 
can be highly suppressed by the addition of a salt as 
lithium perchlorate. For example, PEG-4000 with a 
10:1 lithium perchlorate per oxygen ratio is highly 
crystalline at room temperature while the product of 
the reaction of Example 7 with a similar ratio of lithium 
perchlorate is a relatively non-viscous liquid. DSC 
scans showed little crystallinity and a pronounced 
glass transition, proving that the mixture is mostly 
amorphous. 

Preferably, the electrolyte of this invention will 
have a conductivity at about 24°C of greater than 1 0r* 
S/cm and more preferably greater than 10- 6 S/cm. 
The molecular weight of the polymeric macromolecu- 
lar material of the present invention will generally ex- 
ceed about 1500 and will preferably fall within a range 
from about 50,000 to about 500,000 and more if 
cross-linked. 

Examples of suitable polymeric macromolecular 
materials for use in the practice of the invention are 
as follows: 

1 . Ethoxylated triethanolamine having the struc- 
ture shown in Figure 4. 

2. Ethoxylated pentamine having the structure 
shown in Figure 5. 

3. Ethoxylated polyallyt alcohol having the struc- 
ture shown in Figure 6. 

4. Ethoxylated polyalkyl alcohol having the struc- 
ture shown in Figure 7. 

5. Ethoxylated polyamine. 

6. Ethoxylated polyols. 

7. Ethoxylated polysaccharides. 

8. Ethoxylated polyserine. 

9. Ethoxylated polyvinyisalcohol. 

10. Ethoxylated polyglycerine. 

11. Ethoxylated reduced polysaccharides. 
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Suitable positively charged ionic species for the 
invention can be selected from the group consisting 
of Li*. Na*. K*. Cs*. Rb*. f^N*. Mg>*, Ca** and the cor- 
responding negatively charged ionic species can be 
selected from the group consisting of halides, 
CF 3 S0 3 -, CIO4-, AsF e ~, PF e ' t methides, bisperhalo- 
cyl-orsulfonyl-immides, BF 4 ~, SCN", OOCR", where- 
in R' is selected from the group consisting of alkyl. al- 
kenyl, alkynyl, and aromatic. 

A suitable cathode material for use in this inven- 
tion can contain an active cathode material such as 
manganese dioxide (Mn0 2 ). carbon monofluoride, 
oxides of vanadium such as vanadium pentoxide, 
metal chromate such as silver chromate and silver 
bismuth chromate and silver vanadium chromate; 
metal oxide such as nickel oxide, lead oxide, bismuth 
lead oxide and copper oxides; sulfides such as cop- 
per sulfides and iron sulfides; iithiated metal oxides of 
such metals as manganese, cobalt, nickel, electroni- 
cally conductive polymers such as polyaniline, poly- 
pyrrole polyacetylene, and cadmium. A carbona- 
ceous material* if used, should preferably be carbon. 
The preferred carbonaceous material is acetylene or 
furnace black. 

Suitable anodes for use with this invention in an 
electrochemical cell include lithium, lithium alloys, 
other alkali and alkaline-earth metals such as sodium, 
potassium, calcium or magnesium and materials ca- 
pable of insertion or intercalation of the above such 
as W0 2 . graphite or graphitized carbon. The preferred 
are lithium and lithium alloys with materially capable 
of inserting or intercalating lithium. 

The electrolyte cell may be encapsulated in vari- 
ous laminates to provide additional protection for the 
cell. However, if the cell is encapsulated in a film such 
as a polyamide, mylar or metalized polyethylene film, 
then provisions should be made so that electrical con- 
tact can be made from outside the cell to the conduc- 
tive terminals of the cell. This could be accomplished 
by providing an opening in the film thereby exposing 
a selected area of each of the conductive terminals. 

A suitable conductive terminal sheet for use in 
this invention could be copper, nickel, stainless steel 
or the like, with copper being the preferred current 
collector. Preferably the thickness of the conductive 
terminal for most flat cell applications could be from 
0.0005 to 0.05 inch thick. 

EXAMPLE OF POLYMER ELECTROLYTE CELLS 
EXAMPLE 15 

A sample cell was made using a 3 mil thick sheet 
of lithium as the anode, a cathode composed of: 8.55 
mg. grams of manganese dioxide and 2 grams of car- 
bon and an electrolyte composed of: 0.2 grams of re- 
action product of Example 5 and 0.05 grams of a li- 
thium salt. UCIO4 

The cell was assembled with the electrolyte dis- 



persed between the anode and cathode along with a 
separator. A copper sheet was disposed over the 
anode and a copper sheet was disposed over the 
cathode. The cell was tested and found to have an 

5 open circuit voltage of 3.2 volts. The cell was dis- 
charged across a 27-ohm load and delivered an out- 
put of 2.88 milliampere hours. 

It is to be understood that modifications and 
changes to the preferred embodiment of the invention 

10 herein described can be made without departing from 
the spirit and scope of the invention as defined in the 
appended claims. 

15 Claims 

1. An electrolyte for use in electrochemical cells 
comprising at least one positively charged ionic 
species dissolved in a macromolecular material, 

20 said macromolecular material comprising an oli- 

gomer, polymer or copolymer having a branched 
dendrimer structure comprising a polymeric or 
non-polymeric core with at least three linear or 
branched polymeric arms attached to and ex- 

25 tending from said core with the ratio of the mean 

molecular weight of the arms to the molecular 
weight of the core being at least one, and the 
number of core repeat units per branch point on 
the core being less than 25. 

30 

2. The electrolyte of claim 1 wherein said macromo- 
lecular material is further crosslinked or incorpo- 
rated into extended polymer structures as a co- 
polymer. 

35 

3. The electrolyte of claim 1 or 2 wherein the num- 
ber of core repeat units per core branch point is 
between 1 and 20. 

40 4. The electrolyte of claim 3 wherein the number of 
core repeat units per core branch point is be- 
tween 1 and 4. 

5. The electrolyte of any preceding daim wherein 
45 said arms comprise linear polymer chains. 

6. The electrolyte of any one of claims 1-4 wherein 
at least one of said arms contain at least one fur- 
ther branching and contains at least two branch 

so points. 

7. The electrolyte of any preceding daim wherein 
said macromolecular material is selected from 
dendrimers each of whose arms contain at least 

55 one polar entity capable of complexing or solvat- 

ing the ionic species. 

8. The electrolyte of daim 7 wherein said macro mo- 

10 
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lecular material is selected from dendrimers each 
of whose arms contain at least one polar entity 
capable of complexing or solvating ionic species 
per polymer repeat unit. 



11. The electrolyte of claim 10 in which the core con- 
tains nitrogen and the arms contain oxygen. 

12. The electrolyte of any preceding claim wherein 
said macromolecular material is selected from 
dendrimers wherein the number of polymer re- 
peat units in the arm segments is greater than 
four. 

13. The electrolyte of claim 12 wherein said macro- 
molecular material is selected from dendrimers 
wherein the number of polymer repeat units in the 
arm segments is greater than ten. 

14. The electrolyte of claim 10 wherein said macro- 
molecular material is selected from dendrimers 
wherein the number of polymer repeat units in the 
arm segments is greater than twenty. 

15. The electrolyte of any preceding claim wherein 
said macromolecular material is selected from 
ethoxyiated polyethyleneimine. ethoxylated poly- 
amine, ethoxylated polyallyl alcohol, ethoxylated 
polyols. ethoxylated polysaccharides, ethoxylat- 
ed polyserine, ethoxylated polyvinytalcohol, 
ethoxylated polyglycerine, ethoxylated triethano- 
lamine, and ethoxylated reduced polysacchar- 
ides. 

16. The electrolyte of any preceding claim wherein 
the positively charged ionic species is selected 
from at least one of Li* , Na*. K\ R' 4 N*. Mg^. Ca*\ 
CF 3l S0 3 \ CI0 4 ". AsF 6 ~. PF«f. methides. bisper- 
haloacyl- or sulfonyl-immide. BF 4 \ SCN". and 
OOCR" wherein R is selected from alkyl, alkenyl. 
alkynyl and aromatic. 

17. The electrolyte of any preceding claim containing 



a plasticizer selected from ethylene carbonate, 
propylene carbonate, y-butyrolactone, n-methyl- 
pyrolidone, methylformate, dimethyl carbonate, 
diethyl carbonate, tetrahydrofuran, 2Me-THF, 
and polyethylene glycols. 

18. A macromolecular material comprising an oligo- 
mer, polymer or copolymer having a branched 
dendrimer structure comprising a polymeric or 
non-polymeric core with at least three linear or 
branched polymeric arms attached to and ex- 
tending from said core with the ratio of the mean 
molecular weight of the arms to the molecular 
weight of the core being at least one; the number 
of core repeat units per branch point on the core 
being less than 25; where said macromolecular 
material may be further crosslinked or incorporat- 
ed into extended polymer structures as a copoly- 
mer wherein said core and arms are aliphatic; 
and wherein said arms each contain at least one 
polar entity capable of complexing or solvating 
ionic species. 

19. The macromolecular material of claim 18 wherein 
25 said polymeric arms each contain at least one po- 
lar entity capable of complexing or solvating ionic 
species per polymer repeat unit. 

20. The macromolecular material of claim 18 or 19 
30 wherein said polymeric arms comprise linear 

polymer chains. 

21. The macromolecular material of claim 20 wherein 
said polar entity consists of at least one heteroa- 

35 torn specie selected from oxygen, nitrogen and 

sulfur, and said heteroatom being incorporated 
into the polymer chain by direct bonding with car- 
bon atoms only. 

40 22. The macromolecular material of any one of 
claims 18-21 wherein the core repeat units per 
core branch is from 1 to 20. 

23. The macromolecular material of claim 22 wherein 
45 the core repeat units per core branch unit is from 

1 to 4. 

24. The macromolecular material of claim 18 or 19 
wherein arms contain at least one further branch- 

50 ing. 

25. The macromolecular material of any one of 
claims 18-24 wherein said cores contain heteroa- 
tom units selected from oxygen, nitrogen, sulfur, 

55 potassium, siloxanes and mixtures and alloys 

thereof, and wherein said heteroatom units are 
bonded only to carbon atoms. 



9. The electrolyte of any preceding claim wherein 
said arms are aliphatic arms which contain het- 
eroatom units selected from oxygen, nitrogen, 
sulfur, potassium, siloxanes. and mixtures and 
alloys thereof, and wherein said heteroatom units 10 
are bonded only to carbon atoms. 

10. The electrolyte of claim 9 wherein said macromo- 
lecular material contains aliphatic cores and said 
cores contain heteroatom units selected from 15 
oxygen, nitrogen, sulfur, potassium, siloxenes 
and mixtures and alloys thereof and wherein said 
heteroatom units are bonded only to carbon 
atoms. 
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26. The macromolecular material of any one of 
claims 18-25 wherein the number of polymer re- 
peat units in an arm segment is greater than 4 but 
less than 500. 

5 

27. The macromolecular material of claim 26 having 
more than 10 repeat units per segment and less 
than 500. 

28. The macromolecular material of claim 26 being 10 
more than 20 repeat units per segment and less 
than 500. 

29. The macromolecular material of any one of 
claims 18-28 wherein said macromolecular mate- 75 
rial is selected from ethoxylated polyethyleni- 
mine; ethoxylated triethanolamine, ethoxylated 
polyamine, ethoxylated polyallylalcohol, ethoxy- 
lated polyols. ethoxylated polysaccarides, 
ethoxylated reduced polysaccharides, ethoxylat- 20 
ed polyglycerine, ethoxylated polyserine and 
ethoxylated polyvinyialcohol. 



25 
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FIG. 3B 
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FIG. 3D 
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